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57 ABSTRACT 

The present invention concerns an electronic power module 
comprising several integrated power circuits which may, for 
example, be insulated gate bipolar transistors (IGBT). 

10 Claims, 3 Drawing Sheets 
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1. 

ELECTRONIC POWER MODULE 

The present invention concerns an electronic power 
module comprising several integrated power circuits which 
may be, for example, insulated grid bipolar transistors 
(IGBT). 

Many integrated power circuit chips, in particular IGBTs, 
comprise two contact pads situated on opposite faces of the 
chip. These will be referred to respectively as the "upper” 
contact pad and the "lower” contact pad. When several chips 
are assembled parallel to each other in a same module, 
assuring the connection of the lower contact pads of the chip 
by means of a conducting substrate onto which they are 
stuck is known. In order to assure the connection of the 
upper contact pads of each of the chips individual connec 
tions via bonded aluminium wires are usually used. 

The modules made in conformity with the above descrip 
tion have disadvantages. The strong currents intermittently 
circulating in the integrated power circuits of a module of 
this type produce considerable heat. This heat may be 
partially dissipated by the conducting substrate onto which 
the lower contact pads are stuck. However, the heat pro 
duced at the upper contact pads produces abrupt variations 
in temperature in the wire connections. These temperature 
variations generate considerable fatigue in the metal, which 
greatly reduces the reliability of the power module. 
A first aim of the invention is to provide a power module 

in which the reliability of the means for electrically con 
necting the integrated power circuit upper contact pads is not 
sensitive to abrupt temperature variations. 
A second aim of the present invention is to provide a 

power module in which the heat produced by the integrated 
power circuits at their upper contact pads may be dissipated 
without producing excessive temperature variations. 

Patent application EP 0532 244A1 already discloses a 
power module designed to achieve the two aforementioned 
aims. The power module disclosed in this prior document 
has a shape reminiscent of a jam jar in which the integrated 
power circuits are arranged side by side in parallel at the 
base of the jar. Contact elements in the form of a plate and 
a spring are provided to supply a path for the heat and the 
electricity between, on the one hand, the contact pads and 
each chip and, on the other hand, the lower and upper walls 
of the module (the base and the lid of the jar). The contact 
elements are arranged against the lower face and the upper 
face of the chip. Finally, the spring, which is compressed 
between the upper contact element and the upper wall of the 
module is provided to return the chip and the contact 
elements in the direction of the lower wall of the module. It 
will be understood that the construction which has just been 
described forms a sandwich structure in which all the 
elements are compressed between the upper wall and the 
lower wall of the module. 

The sandwich construction which has just been described 
has disadvantages. It will be noted in particular that it only 
allows modules in which the integrated power circuits are 
connected in parallel to be achieved. Indeed, patent appli 
cation EP 0 532 244A1 teaches how to assemble several 
modules when one wishes to achieve assemblies connected 
in more complex ways. It will be noted, on the other hand, 
that the use of a spring working in compression to drive heat 
requires the provision of heat dissipating means from both 
above and below the power module, which may be a 
disadvantageous constraint. 

Another aim of the present invention is thus to provide a 
power module able to accommodate integrated power cir 
cuits in accordance with multiple configurations. 
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2 
Another aim of the present invention is to provide a 

power module which requires heat dissipating means on 
only one its sides, called the lower side. 

The present invention therefore concerns an electronic 
power module comprising at least a first and a second 
integrated power circuits, each of said integrated circuits 
comprising two parallel faces which are opposite each other, 
each of said faces comprising an integrated circuit contact 
pad, said module also comprising electric connecting and 
thermal conductive means for, on the one hand, connecting 
said contact pads to the exterior of said module and on the 
other hand, dissipating the heat produced by said integrated 
circuits, 

said electric connecting and thermal conductive means 
comprising in particular fixing strips made of a heat 
conducting material and thermally connected to heat 
dissipating means, and upper connecting parts made in 
an electric and heat conducting material, 

said first integrated circuit being arranged between a first 
of said fixing strips and a first of said upper connecting 
parts, and said second integrated circuit being arranged 
between a second of said fixing strips and a second of 
said upper connecting parts, said first and second fixing 
strips each having an upper face parallel and opposite 
to a first of said faces, called the lower face, of one of 
said first and second integrated circuits, and said first 
and second upper connecting parts each comprising a 
lowerface which is parallel and opposite to a second of 
said faces, called the upper face, of one of said first and 
second integrated circuits, 

a first and a second springs also being provided for 
biaising respectively said first and second upper con 
necting parts in the direction of said first and second 
fixing strips so as to compress said first and second 
integrated circuits and thus to make an electric and 
thermal contact between said integrated circuit faces 
and said electric connecting and thermal conductive 
taS 

said electronic power module being characterised in that 
said first and second springs are attached to said first 
and second fixing strips so as to work in tension. 

As a result of these features, a power module of particu 
larly simple construction and which is thus particularly 
economical is provided. 

Other features and advantages of the present invention 
will appear during the description which follows, given 
solely by way of example and made with reference to the 
attached drawings. 

BRIEF DESCRIPTION OF THE DRAWNGS 

FIG. 1 is a cross-sectional view along the line I-I of FIG. 
2: 

FIG. 2 is a top view of a power module according to a first 
embodiment of the present invention, the cover of the 
module having been removed to enable the interior to be 
Seen 
FG. 3 is an identical cross-sectional view to FG. 1 but 

with the module cover, and 
FIG. 4 is the electronic diagram corresponding to the 

module shown in FGS. 1 to 3. 
The embodiment of the present invention shown in FIGS. 

1 to 4 comprises six IGBT type integrated power circuits. 
These IGBTs are divided into two groups of three connected 
in parallel, and these two groups of parallel components are 
then connected in series in conformity with the electronic 
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diagram of FIG. 4. In FIG. 4, the six IGBTs are respectively 
referenced Q1 to Q6. The diagram of FIG. 4 is given to 
facilitate understanding of the following description. 
However, the present invention does not in any way concern 
any particular interconnection diagram for the electronic 
components of a module and, consequently, FIG. 4 will not 
be commented upon in further detail. 

FIG. 1 is a partial cross-sectional view of the power 
module of the present example. In this figure, only two of the 
six IGBT chips are visible. These two chips are referenced 
respectively 1a and 1b. Furthermore, FIG. 1 shows a part of 
the electric connecting and thermal conductive means which 
are associated with these two chips. 

Integrated circuits 1a and 1b each comprise a collecting 
contact pad and a transmitting contact pad situated respec 
tively on the upper face and lower face of the chip. In the 
example of FIG. 1, it is the transmitting contact pad which 
is situated above. The IGBTs of the present example may, for 
example, be amongst others, Hitachi model "MBM-AVBS/ 
GS". This IGBT model comprises, on its upper face, a gate 
contact pad in addition to the emitter contact pad. 
One sees in FIG. 1 that the upper face of each of the 

IGBTs receives a emitter contact part which is preferably 
made of aluminium. The two emitter contact parts shown in 
FIG. 1 are respectively referenced 3a and 3b. The generally 
flat lower face of each of emitter contact parts 3a and 3b is 
locally engraved in recess so that it conforms to the surface 
of the emitter contact pad of the chip, while leaving an 
access open to the gate contact pad. The man skilled in the 
art will understand that by using IGBTs on which the gate 
contact pad is arranged differently, it would be possible to 
omit, for example, the engraving in recess of contact parts 3a 
and 3b, 
The assemblies each formed by one of the IGBT chips and 

the emitter contact part which is associated with it, are 
sandwiched between an upper connecting part and a lower 
connecting part. In FIG. 1, the two connecting parts asso 
ciated with chip 1a are respectively referenced 5a and 7a, 
and the two connecting parts associated with chip 1b are 
referenced 7b and 9b. These connecting parts may, for 
example, be made in copper or aluminium, and are provided 
both to assure the electric connection with the IGBTs and the 
dissipation of the heat produced at the emitter and collector 
contact pads. We will return to certain configuration pecu 
liarities of these connecting parts below. 
One also sees in FIG. 1 that the different elements of the 

module are mounted on a support plate referenced 11. This 
support plate which is also visible in FIG. 2 may be made, 
for example, of extruded aluminium. In the present example, 
the support plate consists of three raised fixing strips which 
are respectively referenced 13a, 13b and 13c. As one can see 
in FIG. 2, in the present example, each fixing strip is 
provided for receiving three IGBTs. 

Referring once more to FIG. 1, one sees that, in this 
example, support plate 11 also comprises heat dissipating 
means, formed by six gills which are collectively referenced 
15 and are placed directly under fixing strips 13a, 13b and 
13.b provided for receiving the integrated power circuits and 
the connecting means associated with them. It will be noted 
in this regard that instead and in place of the gills, the lower 
part of the support plate may be provided with cooling 
channels in which a heat exchanging fluid circulates. 
One also sees in FIG. 1 that a fine ceramic layer refer 

enced 17a is inserted between lower connecting part 5a and 
fixing strip 13.a. Likewise, a fine ceramic layer 17b is 
inserted between lower connecting part 7b and fixing strip 
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4 
13b. These two connecting layers are provided both to 
insulate electrically connecting parts 5a and 7b from fixing 
strips 13a and 13b, and to enable the heat to flow from the 
connecting parts to support plate 11. 

In the present example, upper connecting parts 7a and 9b 
are each capped with a ceramic cap (these caps are respec 
tively referenced 19a and 19b). One sees, further, that two 
U springs 21a and 21b are respectively fixed by their ends 
to fixing strips 13a and 13b. Each of springs 21a and 21b 
abuts with its middle part one of caps 19a and 19b so as to 
bias this cap in the direction of the fixing strip which, 
amongst others, it abuts. Thus, it will be understood that 
here, in conformity with the present invention the elements 
forming each of the sandwich structures which have just 
been described, are compressed together via the action of 
one of springs 21a and 21b. It will be noted, furthermore, 
that springs 21a and 21b work under tension. Indeed, each 
of them is held between, on the one hand, one offixing strips 
13a or 13b, and on the other hand, one of caps 19a and 19b. 

It will be understood that, as a result of the construction 
which has just been described, each of the emitter and 
collector contact pads of chips 1a and 1b is held in both 
electric and thermal contact with one of connecting parts 5a, 
7a, 7b and 9b. The pressure exerted by each of the springs 
is sufficient to maintain the contact between the different 
parts which are pressed against each other. It is thus unnec 
essary to use bonding. Furthermore, since the faces of the 
parts which touch each other are flat, the shearing stress 
which is normally produced by expansion along a joint 
between two parts, merely results in one face sliding against 
another. Any risk of deterioration in the electric contact 
quality as a result of temperature variations is consequently 
removed. 

Referring once more to FIG. 1, one sees that connecting 
part 9c is also fixed to the top of the third fixing strip 13c. 
A thin ceramic layer 17.c is inserted between fixing strip 13c 
and connecting part 9c. The thickness of the ceramic layer 
is chosen so that connecting part 9e is electrically insulated 
from fixing strip 13c, while being in thermal contact with the 
latter. We will return below to the function fulfilled by 
connecting part 9c in the present example. 

Until now, we have only discussed two IGBT chips. 
However, as will already have been noted, in the present 
example, fixing strip 13a which receives chip 1a also 
receives two other IGBTs respectively referenced 101a and 
201a and, similarly, fixing strip 13b which receives chip 1b 
also receives two other IGBTs respectively referenced 101b. 
and 201b. The six integrated circuits 1a, 1b, 101a, 101b, 
201a and 201b are all identical. 
One also sees in FIG. 2 that upper connecting part 9b is, 

in fact, a connecting strip which is shared by the three IGBTs 
which are mounted on fixing strip 13b. Likewise, each of the 
other connecting parts 5a,7a and 7b described in relation to 
IGBTs 1a and 1b is, in fact a connecting strip shared by three 
IGBTs. It will be understood therefore that the IGBTs which 
are mounted on a same fixing strip are connected to each 
other in parallel. Finally, it is to be noted that connecting part 
9c which is mounted on fixing strip 13c also has the shape 
of a strip. 
We have just seen that connecting strips 5a,7a, 7b and 9b 

enable the IGBTs to be connected in parallel, we will see 
now how these connecting parts enable the IGBTs to be 
connected in series. One sees in FIGS. 1 and 2 that con 
necting strip 9b which connects chips 1b, 101b and 201b 
together forms, in fact, a side of a metal plate 9 whose other 
side is formed by connecting strip 9c which is fixed to fixing 
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strip 13c. Likewise, although FIG. 2 does not show it, upper 
connecting strip 7a which connects the emitter contact pads 
of chips 1a, 101a and 201a forms half of a plate 7 whose 
other half is formed by lower connecting strip 7b which 
connects the collector contact pads of chips 1b, 101b and 
201b. 
As a result of the configuration which has just been 

described, plate 7 connects, in series, the two groups of 
IGBTs mounted respectively on fixing strips 13a and 13b. 
The man skilled in the art can confirm that the configuration 
which has just been described corresponds to the electronic 
diagram of FIG. 4. Plate 9 formed by connecting strips 9b. 
and 9c may have an identical shape to that of plate 7. Plate 
9 is provided for driving the heat produced at the emitter 
contact pads of chips 1b, 101b and 201b to fixing strip 13c 
and heat dissipating means 15. 
The construction which has just been described thus 

enables, on the one hand, each of the IGBT contact pads to 
be connected and, on the other hand, to provide escape paths 
for the heat from all the contact pads of the chips. Indeed, the 
collector contact pads of the IGBTs are in almost direct 
thermal contact with fixing strips 13a and 13b. and their 
emitter contact pads are thermally connected to fixing strips 
13b and 13c via plates 7 and 9. 

FIG. 3 shows schematically in cross-section a finished 
power module. One sees in particular that support plate 11 
carries a cap 23 which encloses the integrated circuits and 
the electric connecting and thermal conductive means. In 
conformity with what is shown in FIG. 4, the power module 
of the present example contains other electronic circuit 
elements such as, for example, means for connecting the 
IGBT gate contact pads. However, these other circuit ele 
ments do not convey high currents and, consequently, they 
may be achieved in a conventional manner. It is for this 
reason that the other circuit elements have not been shown 
in FGS. 1 to 3. 

In order to finish with this first example of a power 
module according to the present invention, we will give, 
solely by way of example, a way of connecting the IGBTs 
to the exterior of the power module. If one refers again to 
FIG. 2, one sees that the two lower connecting strips 5a and 
7b extend and form two connecting lugs respectively refer 
enced 105 and 107. Connecting lugs 105 forms a connecting 
pin with the emitter contact pads of chips 1a, 101a and 201a 
and connecting lug 107 forms a connecting pin with, on the 
one hand, the emitter contact pads of chips 1a, 101a and 
201a and, on the other hand, the collector contact pads of 
chips 1b, 101b and 201b. One sees finally in FIG. 2 that 
connecting strip 9c extends and forms a connecting lug 
referenced 109. Connecting tab 109 forms a connecting pin 
with the emitter contact pads of chips 1b, 101b and 201b. 
What is claimed is: 
1. An electronic power module comprising at least a first 

and a second integrated power circuits, each of said inte 
grated circuits comprising two faces which are parallel and 
opposite to each other, each of said faces comprising inte 
grated circuit contact pads. said module also comprising 
electric connecting and thermal conductive means for, on the 
one hand, connecting said contact pads to the exterior of said 
module and on the other hand, dissipating the heat produced 
by said integrated circuits, 

said electric connecting and thermal conductive means 
comprising in particular fixing strips made of a heat 
conducting material and thermally connected to heat 
dissipating means, and upper connecting parts made of 
an electric and heat conducting material, 

said first integrated circuit being arranged between a first 
of said fixing strips and a first of said upper connecting 
parts, and said second integrated circuit being arranged 
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6 
between a second of said fixing strips and a second of 
said upper connecting parts, said first and second fixing 
strips each having an upper face parallel and opposite 
to a first of said faces, called the lower face, of one of 
said first and second integrated circuits, and said first 
and second upper connecting parts each comprising a 
lower face which is parallel and opposite to a second of 
said faces, called the upper face, of one of said first and 
second integrated circuits. 

a first and a second spring being also provided for biaising 
respectively said first and second upper connecting 
parts in the direction of said first and second fixing 
strips so as to compress said first and second integrated 
circuits and thus to make an electric and thermal 
contact between said faces of the integrated circuits and 
said electric connecting and thermal conductive means, 

wherein said first and second springs are attached to said 
first and second fixing strips so as to work under 
tension. 

2. An electronic power module according to claim 1, 
wherein said second upper connecting part is formed by a 
part of a plate another part of which forms a first lower 
connecting part arranged between said first integrated circuit 
and said first fixing strip, so that the heat produced by said 
second integrated circuit at its upper face is driven to said 
first fixing strip and that said second integrated circuit is 
electrically connected to said first integrated circuit via said 
upper face of said second integrated circuit. 

3. An electronic power module according to claim 1. 
wherein said springs are made of a conducting material and 
in that caps made of an insulating material are respectively 
inserted between, on the one hand, said upper connecting 
parts and, on the other hand, said springs so as to insulate 
said upper connecting parts from said fixing strips. 

4. An electronic power module according to claim 1, 
wherein a second lower connecting part is arranged between 
said second integrated circuit and said second fixing strip, 
and in that insulating layers separate said lower connecting 
parts from said fixing strips. 

5. An electronic power module according to claim 1, 
wherein insulating layers separate said fixing strips from 
said heat dissipating means. 

6. An electronic power module according to claims 1, 
wherein said first upper connecting part is formed by a part 
of a metal plate another part of which forms an additional 
lower connecting part attached to an additional fixing strip 
so that the heat produced by said first integrated circuit at its 
upper face is driven to said additional fixing strip. 

7. An electronic power module according to claim 6. 
wherein said contact pads of said first and second integrated 
circuits are connected to the exterior of said module by said 
first and second lower connecting parts and by said addi 
tional lower connecting part. 

8. An electronic power module according to claim 7. 
further comprising a third integrated power circuit con 
nected in parallel to either said first integrated power circuit 
or to said second integrated power circuit. 

9. An electronic power module according to claim 8. 
wherein a first of said contact pads of said third integrated 
circuit is juxtaposed with an extension of either said first 
lower connecting part or said second lower connecting part. 

10. An electronic power circuit according to claim 9, 
wherein said extension of said first lower connecting part or 
of said second lower connecting part is sandwiched 
between, on the one hand, said third integrated power circuit 
and, on the other hand, respectively an extension of the first 
or second fixing strip. 
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